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Ø 近年来工作总况

Ø 年度科研汇报

Ø 年度其它工作汇报

Ø 未来工作展望
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教育经历：

09.2000 - 07.2004  山东大学 学士

09.2004 - 07.2009  中科院高能物理研究所 博士

导师 吕才典研究员

工作经历：

09.2009 - 09.2010  意大利核物理研究院(巴里)  博士后

09.2010 - 09.2012  德国DESY                  洪堡学者

10.2012 - 09.2014  德国波恩大学 博士后

09.2014   至今 上海交通大学 特别研究员
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Ø工作领域：重夸克物理、奇特强子态

Ø以上海交通大学为单位在PRL、PRD、EPJC发表论文30多篇，引
用 1000多次，7篇论文被引用 50 次 以 上 ， 5 篇 入 选 Web of
science 高被引论文
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Ø工作领域：重夸克物理、奇特强子态

Ø以上海交通大学为单位在PRL、PRD、EPJC发表论文30多篇，引
用 1000多次，7篇论文被引用 50 次 以 上 ， 5 篇 入 选 Web of
science 高被引论文

ü 提出了重味奇特态的多夸克态与散射等解释机制
[PRD92，071502(2015)][CPC40，093101(2016)][PRD96,014024(2017)]

ü 指出大Nc极限下高出阈值的pentaquark/dibaryon等奇特强子态不
是物理客观测量[EPJC78,1011(2018)]

ü 预言了不同标量四夸克态在重味介子衰变中的产额比值:R=3
[EPJC77,452(2017)][PRD82,034016(2010)]

ü 指出了双重味重子Xicc
++的黄金衰变道

[CPC42,051001(2017)][EPJC77,781/800(2017)]

R >2.7 
BESIII
[PRL122,062001(2019)]
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衰变矩阵元 = 硬散射核 *  低能输入参数

理论上重味介子衰变的处理方法是因子化：

高阶修正： 辐射修正
幂次修正

低能输入参数：重味介子光锥分布振幅
模型，很难估计精度

↵s/⇡ ⇠ 10%

⇤/mb ⇠ 20%
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重夸克物理
奇特强子态

量子色动力学：
格点QCD

唯象 第一性原理
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Ø部分子分布函数

ü 理论框架：证明了胶子分布函数的可重整性，提供了格点

计算的理论输入

ü 格点计算：组建了Lattice Parton Collaboration(LPC)

格点合作组; 采用选择具有较低理论不确定性的新投影算

符，研究了夸克PDF

Ø 提出了首个重味𝐵介子光锥分布振幅的格点计算方法

Ø 提出了测量𝑏 → 𝑠𝛾中光子极化的新方法
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理论上对高能散射过程的描述都依赖于1969年费曼提出的部
分子理论：

𝑑𝜎 ∼ 2𝑑𝑥4𝑑𝑥5 ∗ 𝑓 𝑥4 ∗ 𝑓 𝑥5 ∗ 𝐶(𝑥4, 𝑥5, 𝑄)
�

�
部分子分布函数f(x)是其中最重要的输入参数

parton parton
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Ø 传统上，部分子分布函数(PDF)只能通过拟合大量实验数据获取，存在一
定的局限性。

Ø 2013年，季向东提出了准部分子分布函数 [PRL110,262002(2013)]，由此
夸克部分子分布函数的研究取得了显著进展。

Ø 然而对于类似于Higgs产生这样的过程，胶子PDF是最重要的输入参量。

指出线性发散： WW, Zhao, Zhu, EPJC78,147 (2018), web of science 高被引
指出构造算符： Zhang, Ji, Schafer, WW* ,Zhao, PRL122, 142001 (2019)
给出格点计算所需短程系数：WW, Zhang, Zhao, Zhu,PRD100,074509 (2019)

✦ PDFs for LHC physics: extraction of the SM Higgs couplings 
through cross section measurements

7

PDF sets �(H)NNLO [pb]
nominal ↵s(MZ)

�(H)NNLO [pb]
↵s(MZ) = 0.115

�(H)NNLO [pb]
↵s(MZ) = 0.118

ABM12 [2] 39.80±0.84 41.62±0.46 44.70±0.50

CJ15 [1] a 42.45 + 0.43
� 0.18 39.48 + 0.40

� 0.17 42.45 + 0.43
� 0.18

CT14 [3] b 42.33 + 1.43
� 1.68 39.41 + 1.33

� 1.56 42.33 + 1.43
� 1.68

(40.10)

HERAPDF2.0 [4] c 42.62 + 0.35
� 0.43 39.68 + 0.32

� 0.40 42.62 + 0.35
� 0.43

(40.88)

JR14 (dyn) [5] 38.01±0.34 39.34±0.22 42.25±0.24

MMHT14 [6] 42.36 + 0.56
� 0.78 39.43 + 0.53

� 0.73 42.36 + 0.56
� 0.78

(40.48)

NNPDF3.0 [7] 42.59±0.80 39.65±0.74 42.59±0.80
(40.74±0.88)

PDF4LHC15 [8] 42.42±0.78 39.49±0.73 42.42±0.78

a The CJ15 PDFs have been determined at NLO accuracy in QCD. The PDF uncertainties quoted by CJ15 denote
the 90% c.l. and should be reduced by a factor of 1.645 for comparison with the 68% c.l. uncertainties quoted by
other groups.

b The PDF uncertainties quoted by CT14 denote the 90% c.l. and should be reduced by a factor of 1.645 for
comparison with the 68% c.l. uncertainties quoted by other groups.

c The model uncertainities of the HERAPDF20_NNLO_VAR set are not included in the uncertainty estimates.

TABLE 10: The Higgs cross section at NNLO in QCD (computed in the e↵ective theory) at
p

s = 13 TeV
for mH = 125.0 GeV at the nominal scale µr = µ f = mH with the PDF (and, if available, also ↵s) un-
certainties. The columns correspond to di↵erent choices for the central value of ↵s(MZ) using the
nominal PDF set. The numbers in parenthesis are obtained using the PDF sets CT14nnlo_as_0115,
HERAPDF20_NNLO_ALPHAS_115, MMHT2014nnlo_asmzlargerange and NNPDF30_nnlo_as_0115.

than 13% and contradicts the most recent estimates of the combined PDF and ↵s uncertainties
in the inclusive cross section [106], which quotes 3.2%. In general, the findings underpin the
importance of controlling the accuracy and the correlation of the strong coupling constant with the
PDF parameters in fits.

Of particular interest is the impact of additional parameters in the PDF fits, such as the charm-
quark mass, on the Higgs cross section. The di↵erences in the treatment of heavy quarks and
the consequences for the quality of the description of charm-quark DIS data have already been
discussed in Sec. 3. ABM12 [2] fits the value of mc(mc) in the MSscheme and the uncertainties
in the charm-quark mass are included in the uncertainties quoted in Tab. 10. Other groups keep a
fixed value of the charm-quark mass in the on-shell scheme, cf. Tabs. 4 and 5, and vary the value
of mpole

c within some range. Such studies have been performed in the past by NNPDF2.1 [170]
and MSTW [171] and more recently by MMHT [172].

In Tabs. 11, 12 and 13 we display the results of these fits together with the values of �2/NDP
for the DIS charm-quark data [165], mostly computed with xFitter [166, 167], as well as the
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1603.08906, A. Accardi et al.measurement on Higgs couplings

predictions (inc. N3LO QCD) at 13 TeV, 1603.08906, C. Anastasiou et al.
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High precision determination of the gluon fusion

Higgs boson cross-section at the LHC
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ePhysik-Institut, Universität Zürich, Winterthurerstrasse 190, 8057 Zürich, Switzerland
fNikhef, Science Park 105, NL-1098 XG Amsterdam, The Netherlands

Abstract: We present the most precise value for the Higgs boson cross-section in the

gluon-fusion production mode at the LHC. Our result is based on a perturbative expansion

through N3LO in QCD, in an e↵ective theory where the top-quark is assumed to be in-

finitely heavy, while all other Standard Model quarks are massless. We combine this result

with QCD corrections to the cross-section where all finite quark-mass e↵ects are included

exactly through NLO. In addition, electroweak corrections and the first corrections in the

inverse mass of the top-quark are incorporated at three loops. We also investigate the

e↵ects of threshold resummation, both in the traditional QCD framework and following a

SCET approach, which resums a class of ⇡2 contributions to all orders. We assess the uncer-

tainty of the cross-section from missing higher-order corrections due to both perturbative

QCD e↵ects beyond N3LO and unknown mixed QCD-electroweak e↵ects. In addition, we

determine the sensitivity of the cross-section to the choice of parton distribution function

(PDF) sets and to the parametric uncertainty in the strong coupling constant and quark

masses. For a Higgs mass of mH = 125 GeV and an LHC center-of-mass energy of 13 TeV,

our best prediction for the gluon fusion cross-section is

� = 48.58 pb+2.22 pb (+4.56%)

�3.27 pb (�6.72%)
(theory)± 1.56 pb (3.20%) (PDF+↵s)

Keywords: Higgs physics, QCD, gluon fusion.

⇤On leave from the ‘Fonds National de la Recherche Scientifique’ (FNRS), Belgium.
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uncertainty with the ABM12 set8:

�ABM12 = 45.07 pb+2.00 pb (+4.43%)

�2.88 pb (�6.39%)
(theory)± 0.52 pb (1.17%) (PDF+↵s) . (8.3)

The significantly lower central value is mostly due to the smaller value of ↵s, which

however is also smaller than the world average.

It is also interesting to compare our prediction (8.1) to the value one would have

obtained without the knowledge of the N3LO corrections in the rEFT. We find

�NNLO = 47.02 pb +5.13 pb (10.9%)

�5.17 pb (11.0%)
(theory)+1.48 pb

�1.46 pb

(3.14%)

(3.11%)
(PDF+↵s) . (8.4)

The central value in eq. (8.4) is obtained by summing all terms in eq. (8.2) except for

the term in the last line. Moreover, we do not include the uncertainties �(PDF-TH)

and �(trunc) from missing higher orders in the extraction of the parton densities and

from the truncation of the threshold expansion (because the NNLO cross-sections are

known in a closed analytic form). The scale variation uncertainty �(scale) at NNLO is

approximately five times larger than at N3LO. This explains the reduction by a factor

of two in the total �(theory) uncertainty by including the N3LO corrections presented in

this publication. We stress at this point that uncertainties on the NNLO cross-section

have been investigated by di↵erent groups in the past, yielding a variety of uncertainty

estimates at NNLO [46, 51, 52, 100, 119, 120, 121, 122]. Here we adopt exactly the same

prescription to estimate the uncertainty at NNLO and at N3LO, and we do not only rely

on scale variation for the NNLO uncertainty estimate, as was often done in the past.

Finally, we have also studied how our predictions change as we vary the center-of-mass

energy and the value of the Higgs mass. Our predictions for di↵erent values of the proton-

proton collision energy and a Higgs mass of mH = 125 GeV are summarized in Tab. 10.

In comparison to the o�cial recommendation of the LHC Higgs Cross-section Working

Group earlier than our work [48], our results have a larger central value by about 11%.

The di↵erence can be attributed to the choice of optimal renormalization and factorization

scale, the e↵ect of the N3LO corrections, the di↵erent sets of parton distribution functions

and value of ↵s as well as smaller di↵erences due to the treatment of finite quark-mass

e↵ects. In comparison to the earlier recommendation from some of the authors in ref. [120],

our result has a central value which is higher by 3.5%. The di↵erence can be attributed to

the e↵ect of the N3LO corrections, the di↵erent sets of parton distribution functions and

value of ↵s as well as smaller di↵erences due to the treatment of finite quark-mass e↵ects.

Additional cross-section predictions for a variety of collider energies and Higgs boson

masses can be found in Appendix E.

9. Conclusion

In this paper we have presented the most precise prediction for the Higgs boson gluon-

fusion cross-section at the LHC. In order to achieve this task, we have combined all known

8We use the abm11 5 as nlo and abm11 5 as nnlo set to estimate the �(PDF-TH): these sets are fits

with a fixed value of ↵s which allows us to compare NLO and NNLO grids for the same ↵s value. Using

this prescription �(PDF-TH)= 1.1% very similar to the corresponding uncertainty for the set.

– 40 –

PDFs and LHC

Ø 我与合作者首次研究了胶子准PDF，讨论了线
性发散及解决方法，指出了可用来构造胶子准
PDF的算符，为格点计算提供了理论依据。
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Ø在准PDF理论框架上，中国研究力量取得了很多重要
进展。由于格点计算需要巨大计算资源和大合作团队，
到目前为止大多数格点研究都来自于ETMC,DESY,BNL等
国外研究团队

Ø基于上海交通大学新升级的计算设备(Pi2),我们共
同组建了格点合作组：

Lattice Parton Collaboration(LPC)
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Ø依托SJTU Pi2+部分其它计算资源，采用cls格点组态，我们选
择具有较低理论不确定性的新投影算符，格点计算了夸克PDF ：

LPC, PRD under review
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LPC
PRD under review

LPC
CT14
NNPDF3.1
MMHT2014

-1.0 -0.5 0.0 0.5 1.0 1.5
-1

0

1

2

3

4

5

x

q
u
-d

Pz=2.3 GeV

μ=2 GeV

μR=3.2 GeV

pz
R=0

LPC计算结果与实验拟合结果符合！

Ø依托SJTU Pi2+部分其它计算资源，采用cls格点组态，我们选
择具有较低理论不确定性的新投影算符，格点计算了夸克PDF ：
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Ø B介子光锥分布振幅是因子化框架下理论计

算的最重要理论输入之一。

Ø 它反映了B介子中轻夸克的动量分布。

Ø 到目前为止，人们对B介子光锥分布振幅的

认识还是很少：

ü 微扰演化核的本征函数

ü 运动方程

B M

Λ~p 22 Λ~p 22Λ~p2 Q

~p2 Q2

Λ~p 22M’
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欧式空间格点量子色
动力学计算PDF

欧式空间格点QCD
计算B介子准光锥
分布振幅

B介子光锥分
布振幅

匹配

拓展

B M

Λ~p 22 Λ~p 22Λ~p2 Q

~p2 Q2

Λ~p 22M’

WW, Y.Wang, J.Xu, S.Zhao,1908.09933
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利用唯象模型，给出了格点计算的预期结果：

WW, Y.Wang, J.Xu, S.Zhao,1908.09933

提供了首个从第一性原理研究B介子光锥分布振幅的方法
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Ø高亮度/高精度研究是寻找新物理的重要途径。
在重夸克物理中，目前还没有发现明显的新
物理迹象。

Ø标准模型中， 𝑏 → 𝑠𝛾 产生的光子主要是左
手极化，因此测量光子右手极化是寻找新物
理的理想探针。

ØB->K1𝛾过程中角分布的上下不对称性是用来
抽取光子极化的理想物理量[PRL88,051802(2002)]：

Ø但由于缺乏输入参数，不能给出光子极化结
果，因此光子极化的研究一直未受到重视。

AUD = ��
3

4

Im[~n · ( ~J ⇥ ~J⇤)]

| ~J |2
. 𝜆?：

左右手极化之差

左右手极化之和
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Ø我与合作者指出可利用半轻𝑫 → 𝑲𝟏𝒆D𝝂衰
变解决这个问题，构造了实验可观测量：

Ø我们指出𝒃 → 𝒔𝜸 中的光子极化可由两个

物理量直接得到：

ØBESIII、LHCb、Belle-II实验组已经采用
我们提出的建议开始进行实验测量。

WW, Yu, Zhao, 1909.13083
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venient to scrutinize the photon helicity [13]:

AUD ⌘

hR 1
0 �

R 0
�1

i
d cos ✓K

d�(B!K1�)
d cos ✓KhR 1

0 +
R 0
�1

i
d cos ✓K

d�(B!K1�)
d cos ✓K

(4)

= ��
3

4

Im[~n · ( ~J ⇥ ~J⇤)]

| ~J |2
.

The LHCb collaboration has measured the up-down
asymmetry in B+ ! K+⇡�⇡+� [16] with AUD =
(6.9± 1.7)⇥ 10�2 at the range of mK⇡⇡ = [1.1, 1.3]GeV.
Nevertheless it can be seen that, in order to extract
�� , it is also essential to fathom the hadronic factor

Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2. Many estimations on this input
factor have been made in either model-dependent or phe-
nomenological approaches [13–15, 17–19]. Unfortunately,
the current understanding of K1 ! K⇡⇡ is very limited,
due to the complicated intermediate states of K⇤⇡, K⇢,
(K⇡)S�wave⇡ and K(⇡⇡)S�wave, and their phases for in-
terferences. Considerable hadronic uncertainties are thus
inevitably introduced and beyond control. Therefore, the
accurate result of �� has never been achieved so far, even
though the up-down asymmetry has been well measured.
The key issue in the following is to reliably determine the
hadronic input of Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2.

Determination of photon helicity by combining B !
K1� and D ! K1l+⌫e decays.—We now proceed with
the angular distribution for D ! K1(! K⇡⇡)l+⌫(l =
e, µ), and demonstrate that combining the measurements
in B ! K1� and D ! K1l+⌫e can determine the photon
helicity in b ! s� in a model-independent way. We will
use the l = e as the example and neglect the lepton mass.

With the kinematics shown in Fig. 1. one can derive
the angular distribution for D ! K1(! K⇡⇡)e+⌫e as:

d�K1e⌫e

d cos ✓Kd cos ✓l
= d1[1 + cos2 ✓K cos2 ✓l]

+ d2[1 + cos2 ✓K ] cos ✓l

+ d3 cos ✓K [1 + cos2 ✓l]

+ d4 cos ✓K cos ✓l

+ d5[cos
2 ✓K + cos2 ✓l]. (5)

The angular coe�cients are given as:

d1 =
1

2
| ~J |2(4|c0|2 + |c�|2 + |c+|2),

d2 = �| ~J |2(|c�|2 � |c+|2),
d3 = �Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 � |c+|2),
d4 = 2Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 + |c+|2),

d5 = �1

2
| ~J |2(4|c0|2 � |c�|2 � |c+|2). (6)

In the above, c0,+,� corresponds to the nonperturba-
tive amplitudes for D decays into K1 with di↵erent po-
larizations. The above formula is corresponding to the

✓K

✓l

K

⇡

⇡

~n

e+

⌫

D

K1

W ⇤

FIG. 1: Kinematics forD ! Kres(! K⇡⇡)e+⌫. The relative
angle between the normal direction of Kres decay plane and
the opposite of D flight direction in the Kres rest frame is
denoted as ✓K , while the ✓l is introduced as the relative angle
between the flight directions of e+ in the e+⌫ rest frame and
the e+⌫ in the D rest frame.

semi-leptonic decays with electrons whose mass is negli-
gible. For the muon channels, there are some additional
terms regarding to the muon mass, but our method is
still valid. It is evident that once the angular distribu-
tions are experimentally determined, the hadronic input
Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2 can be obtained by taking a ratio of
d3 and d2.
In D ! K1(! K⇡⇡)e+⌫, the c+ and c� corresponds

to the positive and negative polarization of K1, respec-
tively. On the one side, through the ~✏ · ~J coupling, the
transversely polarizedK1 provides the cos ✓K dependence
in a similar way with the B ! K1(! K⇡⇡)�. Such
a term takes the form Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 � |c+|2).
On the other side, the lepton pair is produced by a vir-
tual W boson which couples to the lepton pair through
the V � A current. The two transverse polarizations
of W boson gives the cos ✓l dependence that is propor-
tional to | ~J |2(|c�|2 � |c+|2). The up-down asymmetries,
the numerator and denominator in Eq. (7), are con-
structed to project them out, whose ratio naturally gives
Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2.
Measuring the full angular distribution in Eq. (5) re-

quests a large number of data sample. We also propose
to explore a ratio of up-down asymmetries (or forward-
backward asymmetries):

A0
UD ⌘

hR 1
0 �

R 0
�1

i
d cos ✓K

d�K1e⌫e

d cos ✓KhR 1
0 �

R 0
�1

i
d cos ✓l

d�K1e⌫e

d cos ✓l

. (7)

It is straightforward to find

A0
UD =

Im[~n · ( ~J ⇥ ~J⇤)]

| ~J |2
. (8)

Apparently quantifying the A0
UD in experiment will help
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The LHCb collaboration has measured the up-down
asymmetry in B+ ! K+⇡�⇡+� [16] with AUD =
(6.9± 1.7)⇥ 10�2 at the range of mK⇡⇡ = [1.1, 1.3]GeV.
Nevertheless it can be seen that, in order to extract
�� , it is also essential to fathom the hadronic factor

Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2. Many estimations on this input
factor have been made in either model-dependent or phe-
nomenological approaches [13–15, 17–19]. Unfortunately,
the current understanding of K1 ! K⇡⇡ is very limited,
due to the complicated intermediate states of K⇤⇡, K⇢,
(K⇡)S�wave⇡ and K(⇡⇡)S�wave, and their phases for in-
terferences. Considerable hadronic uncertainties are thus
inevitably introduced and beyond control. Therefore, the
accurate result of �� has never been achieved so far, even
though the up-down asymmetry has been well measured.
The key issue in the following is to reliably determine the
hadronic input of Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2.

Determination of photon helicity by combining B !
K1� and D ! K1l+⌫e decays.—We now proceed with
the angular distribution for D ! K1(! K⇡⇡)l+⌫(l =
e, µ), and demonstrate that combining the measurements
in B ! K1� and D ! K1l+⌫e can determine the photon
helicity in b ! s� in a model-independent way. We will
use the l = e as the example and neglect the lepton mass.

With the kinematics shown in Fig. 1. one can derive
the angular distribution for D ! K1(! K⇡⇡)e+⌫e as:

d�K1e⌫e

d cos ✓Kd cos ✓l
= d1[1 + cos2 ✓K cos2 ✓l]

+ d2[1 + cos2 ✓K ] cos ✓l

+ d3 cos ✓K [1 + cos2 ✓l]

+ d4 cos ✓K cos ✓l

+ d5[cos
2 ✓K + cos2 ✓l]. (5)

The angular coe�cients are given as:

d1 =
1

2
| ~J |2(4|c0|2 + |c�|2 + |c+|2),

d2 = �| ~J |2(|c�|2 � |c+|2),
d3 = �Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 � |c+|2),
d4 = 2Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 + |c+|2),

d5 = �1

2
| ~J |2(4|c0|2 � |c�|2 � |c+|2). (6)

In the above, c0,+,� corresponds to the nonperturba-
tive amplitudes for D decays into K1 with di↵erent po-
larizations. The above formula is corresponding to the

✓K

✓l

K

⇡

⇡

~n

e+

⌫

D

K1

W ⇤

FIG. 1: Kinematics forD ! Kres(! K⇡⇡)e+⌫. The relative
angle between the normal direction of Kres decay plane and
the opposite of D flight direction in the Kres rest frame is
denoted as ✓K , while the ✓l is introduced as the relative angle
between the flight directions of e+ in the e+⌫ rest frame and
the e+⌫ in the D rest frame.

semi-leptonic decays with electrons whose mass is negli-
gible. For the muon channels, there are some additional
terms regarding to the muon mass, but our method is
still valid. It is evident that once the angular distribu-
tions are experimentally determined, the hadronic input
Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2 can be obtained by taking a ratio of
d3 and d2.
In D ! K1(! K⇡⇡)e+⌫, the c+ and c� corresponds

to the positive and negative polarization of K1, respec-
tively. On the one side, through the ~✏ · ~J coupling, the
transversely polarizedK1 provides the cos ✓K dependence
in a similar way with the B ! K1(! K⇡⇡)�. Such
a term takes the form Im [~n · ( ~J ⇥ ~J⇤)](|c�|2 � |c+|2).
On the other side, the lepton pair is produced by a vir-
tual W boson which couples to the lepton pair through
the V � A current. The two transverse polarizations
of W boson gives the cos ✓l dependence that is propor-
tional to | ~J |2(|c�|2 � |c+|2). The up-down asymmetries,
the numerator and denominator in Eq. (7), are con-
structed to project them out, whose ratio naturally gives
Im[~n · ( ~J ⇥ ~J⇤)]/| ~J |2.
Measuring the full angular distribution in Eq. (5) re-

quests a large number of data sample. We also propose
to explore a ratio of up-down asymmetries (or forward-
backward asymmetries):
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D → K1e+ν
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Ø本年度主持三项国家自然科学基金[已结题两项]:

ü 重点项目： B介子衰变振幅的精确计算及相关新物理的探讨,300万

ü 面上项目： 大加速器时代B介子衰变的精确计算，62万

ü 国际合作项目：重味强子与重味奇特态的理论研究，15万

Ø本年度培养学生：
ü 施瑀基： 现德国波恩大学博士后
ü 赵振兴： 现内蒙古大学，骏马计划特聘
ü 邢晔： 现中国矿业大学教师

Ø本年度出站博士后：
ü 成千业： 现德国洪堡学者博士后
ü 赵帅： 现美国Jefferson Lab与Old Dominion博士后
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Ø 组织会议：

ü 数值量子场论训练营(每年两次)
ü International Workshop On Hadron Exotics 2019
ü WIN2019

Ø 学术报告：
ü EDS Blois 2019: Progress on quasi-PDFs

Ø 《中国物理C》编委与优秀审稿人
Ø 评审：Report from Working Group 4: Opportunities in Flavour Physics 

at the HL-LHC and HE-LHC

Ø 与黄涛老师等人联合出版《量子
色动力学专题》,修订少量内容
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Ø格点计算：
ü 横动量依赖的部分子分布函数(TMD PDF)，正在进行
ü 胶子PDF
ü B介子光锥分布振幅[第二种方案：流流算符矩阵元?]
ü 粲味重子弱衰变与奇特强子态

Ø光子极化：
ü 左右手对称模型下的光子极化
ü 轻夸克质量效应
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Ø部分子分布函数：
ü 证明了胶子准部分子分布函数的相乘重整性[PRL122,

142001(2019)] ， 提 供 了 格 点 计 算 的 理 论 输 入
[PRD100,074509(2019)]

ü 组建了LPC格点合作组，采用新投影算符，研究了
夸克PDF[PRD under review]，与实验拟合方法得到结果
一直；正在研究横动量依赖PDF

Ø提出了首个抽取重味𝐵介子光锥分布振幅的格点
量子色动力学计算方法[1908.09933]

Ø提出了测量𝑏 → 𝑠𝛾中光子极化的新方法[1909.13083]

谢谢各位，请批评指正！


